Two new ene-yne substituted 2,4-pentanedionatoruthenium(III) complexes formed by the Heck-like reactions in the course of the Sonogashira reactions. The two complexes are structural isomers; one is [Ru(E-1,4-mBSima)(dpm) 2 ] and another is 
Introduction
Organometallics and metal complexes with one or several terminal alkynes are valuable building blocks for preparation of bi-, oligo-, or polynuclear complexes used to probe electronic and/or magnetic metal-metal interactions [1] . We have demonstrated that ruthenium complexes with terminal alkynes on -diketonato chelates are useful starting materials for preparation of bi-, oligo-, and polynuclear complexes exhibiting characteristic electronic communications [2] . However, a precursor of the desired starting complex with an ethynyl group for binuclear complexes, ((3-trimethylsilyl) ethynyl-2,4-pentanedionato)ruthenium(III) complex (1) is only obtained up to ca. 40% yield, through the reaction of (3-iodo-2,4-pentanedionato)ruthenium(III) complex (2) with trimethylsilylacetylene in the Sonogashira cross-coupling reaction as shown in scheme 1 [2a] . In the case of a precursor of a ruthenium complex with three ethynyl groups for the polymer, the yield is at most a few percent [2f] . The low yield often prevents progress of study on molecular bridge composed of acetylenic links and -diketonato chelate, propagating electrons and/or spins. In general organic compounds with terminal alkynes can be obtained in good yield (ca. 60 -90%) from the corresponding halide compounds [3] .
Recently Bonvoisin et al. have shown that a protected ethynyl group can be introduced into a -position of a (-diketonato)bis(bipyridine)ruthenium(II) complex with very good yield (62%) using a (3-bromo-2,4-pentanedionato)ruthenium complex and (triisopropylsilyl)acetylene under microwave irradiation [4] . They pointed out only one spot on thin-layer chromatography (TLC) plate of the reactant mixture after irradiation. On the other hand, in the course of preparing complex 1, we always detected two unidentified ruthenium species on TLC plate at any reaction conditions. It is, therefore, important to identify these unidentified ruthenium species and to elucidate mechanism of the formation reaction in order to find reaction conditions in the better yield of 1.
We report here identification of the two unidentified ruthenium complexes, new ene-yne substituted ruthenium(III) species, [Ru(E-1,4-mBSima)(dpm) 2 ] (3) and [Ru(E-2,4-mBSima)(dpm) 2 ] (4), where E-1, and dpm is dipivaloylmethanate (2, 2, 6, , as well as the mechanism of the formation reaction. Both species have been characterized by IR, 1 H-NMR spectra and mass spectroscopy. Structure of one species has been determined by single-crystal X-ray structure analysis and characterized by DFT calculations.
[Scheme 1]
Experimental

General Information
Elemental analyses were carried out on a Yanaco MT-2 and a Perkin Elmer 2400 II. 1 H NMR spectra were recorded with a JEOL JNM GX-400 spectrometer in C 6 D 6 . Chemical shifts are reported in  units using TMS in C 6 D 6 as an external reference. Mass spectra were recorded with a JEOL JMS-DX303 instrument. The infrared (IR) absorption spectra were recorded on a JASCO FT/IR-350 spectrophotometer using KBr pellet in 4000−400 cm Density functional theory (DFT) electronic structure calculations on [Ru(E-1,4-mBSima)(dpm) 2 ] (3) were carried out with the Gaussian 03 program [5] using the UB3PW91 functional [6] with D95* (C, O, and H) and LANL2DZ (Si and Ru) basis sets.
Reagents
Trimethylsilylacetylene (98%), dichlorobis(triphenylphosphine)palladium(II), deuterated benzene (C 6 D 6, 99.6 atom % D), and tetrakis(triphenylphosphine)palladium(0) were purchased from Aldrich Chemical Co., Ltd., copper(I) iodide (99.5%) from Wako Chemicals.
Triethylamine (Wako Chemicals) was dried over potassium hydroxide, and acetonitrile for electrochemical measurements (HPLC grade, Wako Chemicals) over 3Å molecular sieves.
All other commercially available reagents were used without further purification. 
Synthesis of complexes
Synthesis of
The synthetic procedure is basically the same as that of complex 1 [2a] , however scale and isolation procedure are different from those of complex 1. The eluate of the first, orange band was collected, and then the solvent was evaporated off; yield 0.25 g (0.33 mmol, 9.7 %) for [Ru(E-1,4-mBSima)(dpm) 2 ] (3) (E-1,4-mBSima
Complex 3 was dissolved in hot ethanol, and the solution was left to stand in the dark. 
Synthesis of [Ru(E-2,4-mBSima)(dpm) 2 ] (4)
The procedure is the same as for the synthesis of [Ru(E-1,4-mBSima)(dpm) 2 ] (3) except for the eluate collected in the course of the second chromatography. The eluate of the second, red-brown band was collected, and then the solvent was evaporated off; yield 0.17 g (0.22 
X-ray crystallography of [Ru(E-1,4-mBSima)(dpm) 2 ] (3)
A red prismatic crystal for X-ray diffraction experiments was mounted on a glass fiber.
Measurements were made on a Rigaku RAXIS-IV diffractometer to a maximum 2θ value of 55.1° for complex 3 with graphite-monochromated Mo Kα (λ = 0.7107 Å) radiation. The data were corrected for Lorentz and polarization effects. The structure was solved by a heavy atom method (TeXsan) [7] . Refinement of complex 3 was carried out on . A correction for secondary extinction (see Table 1 ) was applied. The non-hydrogen atoms were refined with anisotropic thermal parameters. Hydrogen atoms were included but not refined. All the calculations for the structure determination were carried out on a TeXsan crystallographic software package [7] .
Results and discussion
Structure Determinations of Complexes 3 and 4
The EI mass spectra of both ruthenium complexes showed the same molecular ion peak and the same fragment peak at m/z = 761 and at 468, respectively, indicating the same composition formula C 37 H 63 O 6 RuSi 2 (FW = 761.14) and the same partial structure Summary of the crystal data and structure refinements for complex 3 and selected bond lengths and angles as well as dihedral angle are given in Tables 1 and 2 . Figure 1 shows the ORTEP drawing of complex 3 and the numbering scheme used in Table 2 . The methyl groups in tert-butyl groups were omitted for the sake of clarity. The ruthenium(III) is coordinated in an octahedral arrangement by the oxygen atoms of three -diketonate ligands. Complex 3 is obviously identified as a tris(-diketonato)ruthenium(III) complex with an ene-yne group on the chelate ring, [Ru(E-1,4-mBSima)(dpm) 2 ].
[ Table 1] [ Table 2] [ Fig. 1] We consider two structural isomers as a presumable candidate for 4, one is the E form of 
Structural characterization of [Ru(E-1,4-mBSima)(dpm) 2 ] (3)
The dihedral angle between the least-squares chelate plane (1) through the atoms Ru, O(5), C(24), C(25), C(26), O(6) and the least-squares ethene plane (2) through the atoms Si(1), C(28), C(29), C(30) is 91.04(9)°. The ethene plane slightly cants to a vertical plane of the chelate ring plane. The negligible cant of the ethene plane is ascribed to fixation by intraligand steric hindrance between methyl groups on the chelate ring and those in the trimethylsilyl group. In fact, interatomic distances between C(23) and C(33), and between C(27) and C(34) are 3.53(1) and 3.61(1) Å, respectively, which are significantly close to twice the van der Waals radius of carbon (3.40Å) [9] .
DFT calculations were performed for [Ru(E-1,4-mBSima)(dpm) 2 ] (3). The DFT optimized geometry of complex 3 reasonably reproduces the features of the experimental structure (Table 2) (1) and (2) in the optimized geometry agrees with the angle, 91.04(9)° in experimental structure data, indicating that the canting of the ethene plane is plausible.
[ Fig.2] Interestingly, we can find evidence that the ethene plane is fixed with negligible canting 
Conclusion
Two unexpected ruthenium(III) complexes formed in the course of the Sonogashira reactions have been identified as novel ene-yne complexes, 3 and 4 which are structural isomers by X-ray crystallography, 1 H NMR and IR spectroscopies, mass spectrometry, and electrochemistry. The ene-yne complexes are formed by the Heck-like reactions, i.e., insertion reactions. The insertion reactions prevent the desired ethynyl complex from forming in good yield. The ethene plane in complex 3 is fixed to the -diketonato chelate plane either in solid state or in solution sate at ambient temperature, supported by X-ray structure analysis, DFT calculation, and the 1 H NMR spectrum with no symmetry. These two ene-yne ruthenium complexes would be useful building blocks for bi-or oligonuclear complexes with ene-yne bridge for vertical direction to chelate plane.
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